Single crystals of 1-(cyanoethyl)-3-methyl-pyridin-1-ium hexachloridoantimonate(V) (1), 1-(cyanomethyl)-3-methyl-pyridin-1-ium hexachloridoniobate(V) (2), 1-(cyanomethyl)-3-methylpyridin-1-ium hexachloridotantalate(V) (3), 1-(cyanopropyl)-3-methyl-pyridin-1-ium hexachloridoniobate(V) (4), and 1-(cyanopropyl)-3-methyl-pyridin-1-ium hexachloridotantalate(V) (5) have been synthesized and characterized by X-ray diffraction. Compounds 1-3 crystallize in the triclinic space group P1 with Z = 2, and compounds 4 and 5 in the monoclinic space group C2/c with Z = 8. FTRaman spectra have been recorded and interpreted, especially with respect to the anions [MCl 6 ] − . In addition, NMR spectra, a study of the melting behavior and elemental analyses complete the characterization.
Introduction
Ionic liquids (ILs) is a commonly accepted term for low-melting molten salts. Usually, they are synthesized by combining bulky organic cations such as 1-alkyl-3-methyl-imidazolium or 1-alkyl-3/4-methylpyridinium with a wide variety of anions, mostly inorganic ones [1 -4] . ILs have found widespread applications in organic and organometallic synthesis, catalysis [5 -10] , photovoltaic devices, electrochemical processes, for example as electrolytes for metal deposition, in polymerizations [11 -13] , and as solvents for analytical and physical reactions [14 -16] . In the past few years, several functionalized ILs have been prepared and characterized [17, 18] . In particular, the nitrile-functionalized ILs, which were first reported by Dyson et al. [19] , have received much attention due to their applications as media and ligands for catalytic reactions and as electrolytes for lithium batteries [20 -24] .
Only a few chloridometalate(V) ILs are known, and crystal structure determinations of such compounds have been rare. The title compounds belong to the growing group of potentially applicable ILs. Commonly, SbCl 5 and NbCl 5 act as chloride ion acceptors giving salt-like complex compounds with octahedral [MCl 6 ] − units (M = Nb and Sb) [25 -28] . The potential use of [NbCl 6 ]-containing ILs concerns the electrochemical preparation of Nb compounds in different oxidation states as well as of Nb metal. Furthermore, hexachlorido-antimonates(V) with large organic cations as e. g. tetramethylphosphonium, piperidinium and dipropylammonium exhibit interesting ferroic (ferroelastic) properties [29 -31] .
Very often tantalum pentachloride is the starting material in modern tantalum chemistry. Today, tantalum's main use is in tantalum capacitors for electronic equipment [32] . Tantalum pentachloride also behaves as a strong chloride ion acceptor (Lewis acid) yielding [TaCl 6 ] − -containing compounds in basic and neutral chloride mixtures [33, 34] . [TaCl 6 ] − -containing compounds with large organic cations having low melting temperatures might be exhibiting potential application as electrolytes for the electrochemical deposition of tantalum [35] .
This contribution is a continuation of the structural characterization of antimony, niobium and tantalum chloride compounds formed with and in chloride ion-containing IL systems [25 -28] , with the intention to determine the crystal structure and the vibrational fundamentals of the new hexachloridometalates(V).
Results and Discussion
The synthesis route to the title compounds is depicted in Scheme 1. The pyridinium chlorides, [(CH 2 ) n CNmpy]Cl (n = 1, 2 and 3) are prepared in high yield from 3-methyl-pyridine and the appropriate chloroalkylnitrile Cl(CH 2 ) n CN according to Dyson [19] . (Fig. 1) .
The pyridinium ring is completely planar, and the bond lengths are very close to those observed in other 1-alkyl-3-methyl-pyridinium salts [1, 2, 25 -28, 36] . In the cationic units the -CH 2 -C≡N moiety is almost linear with a C-N distance of 1.145(1)Å, which is close to the literature values [19] .
The quasi-octahedral anionic unit has cis-Cl-Sb-Cl angles all within 1.99 • of 90 • , and trans-Cl-Sb-Cl angles of 177.7(1) and 178.6(1) • in the equatorial posiScheme 1. Synthesis of the nitrile-functionalized pyridinium chlorides and hexachloridometalate(V) salts 1-5. Fig. 1 (Fig. 3 ).
Similar to compound 1, the -CH 2 -C≡N moiety in the cationic unit is almost linear with a C-N distance of 1.121(3)Å in 2 and 1.145(1)Å in 3, which are close to the literature values [19] . The closest contact between cations (2.325(1)Å for 2 and 2.371(1) for 3) exist as C-H···N interactions involving pyridinium-bound hydrogen atoms. (Table 2) . These values agree very well with those observed in other hexachloridoniobate and hexachloridotantalate(V) salts [25 -28] . The contacts between anions and cations (from 3.673(1) to 3.750(1) in 1 and 3.703(1) to 3.761(1) in 2) exist as weak C-H···Cl interactions involving [CH 2 CNmpy] + cations and [MCl 6 ] − anions (M = Nb and Ta) [37] (Fig. 4) . (Fig. 5) .
The distances between methyl carbon atoms and the center of the pyridinium rings are estimated to be 223 (2) 223 (2) 223 (2) 223 (2) 2θ range, deg 
Compound 4
Nb ( for compound 4, and of 3.720(1) and 3.881(1)Å for compound 5 (Fig. 6) .
Raman frequencies of the obtained solid salts 1-5 with their assignments are summarized in Table 3 . The vibrational spectra can be divided in pyridinium stretchings (3100 -2927 cm (Fig. 7) . A vibrational analysis for such units results in [39] :
with RE = Raman, IR = Infrared and i. a. = inactive, and with A 1g + E g + F 1u as stretchings and F 1u + F 2g as bendings.
In detail, the very strong Raman modes at 332 cm −1 for 1, 378 cm −1 for 2, 367 cm −1 for 3, 370 cm −1 for 4, and 378 cm −1 for 5 can be assigned to ν 1 /A 1g (Table 3). The weak to medium Raman bands at 289 cm −1 for 1, 286 cm −1 for 2, at 289 cm −1 for 3, 285 cm −1 for 4, and 278 cm −1 for 5 belong to the ν 1 /E g stretching and the strong bending modes at 171 cm −1 for 1, 179 cm −1 for 2, 177 cm −1 for 3, 179 cm −1 for 4, and 180 cm −1 for compound 5 belong to the bending ν 5 /F 2g [25 -28, 40, 41] .
The melting points of the obtained salts 1-5 are summarized in Table 4 . In the title compounds the size, the charge density and the symmetry of the cations have an important influence on the melting point. An increase of the alkyl chain from methyl to propyl decreases the melting point of the salts 
Conclusion
Five new ionic liquid salts, the 1-cyanoalkyl-3-methyl-pyridinium hexachloridometalates(V) 1-5, have been synthesized. The identity and purity of the compounds were confirmed by elemental analysis, NMR and Raman spectroscopy, and single-crystal X-ray diffraction. As expected, the complex [MCl 6 ] − units (M = Nb, Sb and Ta) have an octahedral structure. All the compounds are soluble in CH 3 CN and are sensitive to moisture.
Experimental Section
All manipulations and chemical reactions were carried out in a dry argon atmosphere using standard Schlenk, vacuum line and glove box techniques. Reagents were purchased from Sigma-Aldrich and were used without additional purification. CH 3 CN was distilled and dried over P 4 O 10 . 1-Cyanoalkyl-3-methyl-pyridinium chlorides were prepared in high yield from 3-methyl-pyridine and the appropriate chloroalkylnitrile Cl(CH 2 ) n CN (n = 1, 2 and 3) according to Dyson [19] .
The FT-Raman spectra of the title compounds 1-5 were recorded with a Raman module FRA 106 (Nd:YAG laser, 1064 nm) instrument attached to a Bruker IFS 66v interferometer. Respective samples were sealed under argon atmosphere in glass capillaries, and data were recorded at room temperature. The melting temperatures were determined on a Büchi 520 apparatus. NMR spectra were recorded on a Bruker Digital FT-NMR Avance 400 spectrometer at room temperature. Chemical shifts are reported in ppm relative to the 1 H residue of the deuterated solvent (DMSO). 
1-(2-Cyanoethyl)-3-methyl-pyridinium hexachloridoantimonate(V), [(CH

1-(Cyanomethyl)-3-methyl-pyridinium hexachloridoniobate(V), [CH 2 CNmpy][NbCl 6 ] (2)
Same procedure as that for 1. Yield: 68 %. M. p. 119.5 • C. 
X-Ray structure determionations
Because the title compounds are sensitive towards hydrolysis by moist air, the selection of crystals was performed in an argon-filled glove box. Crystals were transferred into glass capillaries which were sealed. All data were collected on a Stoe IPDS-II single-crystal X-ray diffractometer with graphite-monochromatized MoK α radiation (λ = 0.71073Å) at 223 K. Crystal structure solution by Direct Methods using SHELXS-97 [42] yielded in all cases the heavy atom positions. Subsequent least-squares refinements with SHELXL-97 [43] and difference Fourier analyses allowed the localization of the remaining atom positions. The H positions of [(CH 2 ) n CNmpy] + (n = 1, 2 and 3) were determined by a final difference Fourier synthesis. Crystal data and structure refinement parameters of the structures are summarized in Table 1 . For the preparation of the structure drawings, the programs DIAMOND [44] and POV-RAY [45] were used.
CCDC 941286 for 1, CCDC 941284 for 2, CCDC 941285 for 3, CCDC 941287 for 4, and CCDC 941288 for compound 5 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac. uk/data request/cif.
